Introduction: Dilated Cardiomyopathy with a Focus on Cardio-Oncology {#Sec1}
====================================================================

Dilated cardiomyopathy (DCM) is a general definition used to describe the cardiac effects of a broad spectrum of diseases, characterized by the presence of left- or bi-ventricular dilatation and systolic dysfunction in the absence of coronary artery disease, hypertension, valvular or congenital disease \[[@CR1]\]*.* However, international societies adopt heterogeneous classification of this entity: the American Heart Association distinguishes among genetic, mixed, or acquired causes while the European Society of Cardiology categorize into genetic or non-genetic variants \[[@CR2], [@CR3]\].

Recognized etiologies include idiopathic forms, which are still the most common \[[@CR4]\], and familial forms, with extreme heterogeneity in the number and type of both structural and functional genes involved, which up to 35% of cases \[[@CR5]\]. Infective forms are instead mainly sustained by viruses (e.g., Adenovirus spp., Coronavirus spp., Coxsackievirus spp., influenza virus, Herpesviridae, Hepatoviridae, Parvovirus), followed by bacteria and fungi, protozoa, or helminths \[[@CR6]\]*.* Human immunodeficiency virus (HIV)--associated cardiomyopathy was firstly described in the mid-1980s and characterized by LV enlargements and systolic dysfunction, due to autoimmune reactions, myocarditis, nutritional deficiencies, or severe immunosuppression. In this subgroup of patients, the occurrence of DCM had a detrimental impact on median survival, until the introduction of antiretroviral therapy (ART) that on the one hand improved prognosis, but on the other one may contribute to myocardial dysfunction \[[@CR7]\]*.* Among infectious disorders bringing to DCM, Chagas disease is worth noting, determined by the protozoan *Trypanosoma cruzi* transmission. It is responsible for a large cohort of cardiological manifestations, among which symptomatic dilated Chagas cardiomyopathy represents the most advanced stage of disease \[[@CR8]\]*.* Traditionally considered as a tropical disease (Brazil, Argentina, and Bolivia have the largest number of individuals affected), Chagas disease now interests thousands of residents of the USA and other traditionally nonendemic areas \[[@CR8]\]*.* Autoimmune causes \[[@CR9]\], metabolic or endocrine dysfunction (e.g., Cushing disease, hypo/hyperthyroidism, mitochondrial diseases), and neuromuscular diseases (e.g., various forms of muscular dystrophy, Friedreich ataxia) \[[@CR10]\] are rarer yet not negligible causes. Peripartum cardiomyopathy is a potentially life-threatening pregnancy-associated disease that occurs infrequently and is marked by transient left ventricular dysfunction and heart failure (HF) \[[@CR11]\]. Lastly, toxic damage secondary to abuse substances (mainly alcohol, cannabis, cocaine), or exposure to some pharmacological agents, as many anti-blastic drugs, is a major cause of DCM \[[@CR12]\]*.*

Incidence of DCM in post-mortem studies was reviewed over time with recent data estimating a number of more than 1 on 250 individuals affected \[[@CR4], [@CR13]\], with a global prevalence of 2.5 million people up to 2015 \[[@CR14]\], while the latest data on mortality show an incidence of 5.9 deaths per 100,000 people \[[@CR15]\]. Looking at the recent analyses from the landmark PARADIGM-HF trial, DCM accounts for 19% of all HF with reduced ejection fraction (HFrEF) cases \[[@CR16]\]*.* Deaths arise mainly from pump failure, accounting for 70% of cases, while arrhythmias accounted for the remaining 30% \[[@CR17]\]. Significant epidemiological differences have been described in relation to geographical location and ethnicity. DCM is the leading cause of HFrEF in Asia Pacific region (28%), followed by Latin America (21%) and Central/Eastern Europe and North America (14%) \[[@CR16]\]. Within DCM patients, the black ethnicity seems to be associated with a higher risk of mortality. Compared with other forms of HF, DCM patients tend to be 5--10 years younger and up to three times more often male, with less comorbidities \[[@CR18]--[@CR20]\]*.*

In recent years, the number of patients diagnosed with DCM secondary to anti-blastic drugs is constantly increasing given both the aging of the general population and the increase in cancer incidence and survival: it is estimated that by 2040 the number of Americans with a history of cancer will increase to more than 26 millions \[[@CR21]\]*.* In this setting, DCM can be the ending phase of a pathological process that is usually defined more broadly as chemotherapy-related cardiac dysfunction (CRCD). It is reported that CRCD can affect up to 10% of cancer survivors \[[@CR22]\], even though incidence is variable according to the definition used. The heterogeneity of definitions adopted by different societies is summarized in Table [1](#Tab1){ref-type="table"} \[[@CR23], [@CR24]\]. CRCD progresses to end-stage HF in 2--3% of cases according to retrospective studies \[[@CR22], [@CR25]--[@CR28]\]; up to 2.5% of patients requiring LVAD or transplantation have CRCD in UNOS or INTERMACS registries \[[@CR22], [@CR25]--[@CR28]\]. Both DCM in general and CRCD in particular are influenced by sex in terms of clinical characteristics and outcomes.Table 1Synoptic overview of different definitions adopted for cardio-oncologySocietyDefinitionThe America Society of Echocardiography (ASE) and European Association of Cardiovascular Imaging (EACVI)LVEF fall by \> 10% to absolute EF \< 53% confirmed on subsequent imaging performed 2 to 3 weeks after initial measurementsUS Food and Drug Administration (FDA)Doxorubicin-mediated cardiotoxicity was defined as either1. \> 20% absolute decline in LVEF2. \> 10 decrease in LVEF to less than the lower limit of normal or absolute value less than 45%Cardiac Review and Evaluation Committee in Trastuzumab trialsTrastuzumab cardiomyopathy was defined as:\> 10% decline in LVEF without symptoms\> 5% decrease in symptomatic patients to a final LVEF below 55%Herceptin Adjuvant trial (HERA)LVEF decline by at least 10% from baseline to less than 50%The Breast Cancer International Research Group (BCIRG)\> 10% reduction in LVEF from baseline assessmentThe National Cancer Institute (NCI)Introduces the Common Terminology Criteria for Adverse Events (CTCAE) that defines left ventricular dysfunction and HF based on severity into grades 1--5-Grade 1: asymptomatic elevation in biomarker or imaging abnormality-Grades 2 and 3: symptoms with mild or moderate exertion-Grade 4: severe, life-threatening symptoms requiring hemodynamic support-Grade 5: deathEuropean Society of Cardiology (ESC)\> 10% reduction in LVEF from baseline to \< 50%European Society of Medical Oncology (ESMO)Symptomatic decline in LVEF of at least 5 to \< 55% or asymptomatic decline in LVEF of at least 10 to \< 55%*HF* heart failure, *LVEF* left ventricle ejection fraction

Sex and gender are two separate but intertwined terms for evaluation and analyses of men and women. Sex is associated with biologic functions and gender goes beyond biology and is associated with culture and the environment. In medicine, it is difficult to isolate the two concepts because they interact and become tangled together.

The purpose of this review is to outline the main aspects of sex-related differences in non-ischemic dilated cardiomyopathies (DCM), focusing on chemotherapy-induced heart failure and investigating possible management applications in the era of personalized medicine.

Mechanisms of DCM {#Sec2}
=================

DCM is a wide, unspecific definition which encompasses multiple diseases and pathophysiological processes, leading to the same clinical phenotype, as a result of complex interaction between environment and genetic predisposition.

The rising number of cancer survivors uncovered the need that all healthcare providers involved in the care of these patients should be fully aware of the impact of adverse cardiovascular effects on the survival when new or pre-existing cardiovascular diseases are present. Until now, the main focus of cardio-oncology has been the prevention and treatment of cardiotoxic effects of chemotherapeutic agents. Due to the development of novel anticancer targeted lines of therapy, this approach is gaining again the central stage in the management of these patients. However, a new captivating area of cardio-oncology is highlighting the relevance of pre-existing, or concomitant, cardiovascular diseases among individuals with a diagnosis of malignancy and how this may affect the occurrence of a possible cardiomyocyte damage.

This consideration is particularly appropriate when the heterogeneity of heart disease presentation between genders is evaluated. To add another level of complexity, a consideration has to be done also when describing the incidence and prevalence of cancer disease among genders and sex-specific anticancer therapies (Fig. [1](#Fig1){ref-type="fig"}).Fig. 1Central illustration synthesizing the main aspects of the paper. Patient-related, disease-related, and therapy-related differences induced by sex coexist, strongly impacting clinical manifestations, prognosis, and management. The integration of these aspects in clinical practice may favor the development of patient-tailored management strategies in the era of personalized medicine

Sex-Related Differences in Mechanisms and Management of Dilated Cardiomyopathy {#Sec3}
==============================================================================

We will structure this review dividing the dissertation on DCM in three different areas:Sex-related differences in mechanisms of DCM.Sex-related differences in chemotherapy-related cardiac dysfunction.Sex-related differences in the management of dilated cardiomyopathy.

Sex-Related Differences in Mechanisms of DCM {#Sec4}
--------------------------------------------

Male sex is an important risk factor for developing HF following a number of cardiovascular conditions, including cardiomyopathies. However, few clinical studies have scrutinized sex differences in incidence or pathogenetic mechanisms in DCM specifically. In this regard, one study found that men with acute DCM had a higher apoptosis-related protein expression than women \[[@CR29]\]*.* In animal models of myocarditis, the entire population of male mouse developed fibrosis and DCM after acute myocarditis, while 20% of females only developed mild DCM \[[@CR30]\]*.*

Testosterone has been found to increase the number of M2 macrophages that express CD11b, Toll-like receptor 4, and IL-1β in animal models, leading to increased cardiac inflammation, remodeling, and DCM \[[@CR31]--[@CR37]\]. In a study of a population of patients with clinically symptomatic severe myocarditis, men were twice as likely than women to present with evidence of myocardial fibrosis \[[@CR31]\]. Sex may contribute to the delineation of the DCM phenotype. In fact, the alteration of the functions of immune cells and platelets induced by the sex hormone-receptor interaction influences the type of cardiac inflammation, remodeling, and thrombosis involved in DCM \[[@CR32], [@CR38]\]. Many of the same inflammatory cells and cytokines that drive dilatation also predispose patients with DCM to thromboembolic events, including complement and platelet activation \[[@CR38], [@CR39]\]. In contrast, androgens have been shown to promote hypertrophy in animal models \[[@CR40], [@CR41]\]. It is important to underline that the activation of the estrogen receptors, mostly found in women, by 17β-estradiol prevents the apoptosis of cardiomyocyte, inhibits cardiac damage induced by reactive oxygen species, and reduces cardiac hypertrophy and fibrosis \[[@CR42]\]*.* In a recent work by Cannatà et al., female sex resulted, in a large population of DCM patients (*n* = 1113 of total prospectively enrolled patients; *n* = 586 selected for analysis), as an independent favorable predictor for long-term cardiovascular outcomes (including cardiovascular mortality/need for heart transplantation or ventricular assist device) \[[@CR43]\]*.*

Sex-Related Differences in Chemotherapy-Related Cardiac Dysfunction {#Sec5}
-------------------------------------------------------------------

A specific mechanism of DCM is related to toxic effects of drugs, in particular anti-blastic drugs. Cardio-oncology experts have used for more than a decade the terms "Type I" and "Type II" cardiotoxicity in order to describe distinct patterns of cardiac dysfunction; in particular, Type I dysfunction (also termed "myocardial damage") refers to an irreversible, dose-dependent toxicity, in which the majority of chemotherapies with cardiac involvement are included (e.g., anthracyclines and anthracycline similar compounds). On the other hand, Type II toxicity, or "myocardial dysfunction," regards drugs, including trastuzumab, which give a transient, dose-independent damage \[[@CR23]••\]*.* This classification may be judged archaic if we consider that LVEF recovery and cardiac event reduction in anthracycline-induced cardiotoxicity (AIC) may be achieved when cardiac dysfunction is detected early and a modern HF treatment is promptly initiated \[[@CR44]\]. Moreover, although an initial EF assessment remains a fundamental tool to define, prognosticate, and guide treatment in HF, the implications of longitudinal EF change are becoming increasingly recognized, considering that approximately 25% of patients with HFrEF at baseline transitioned to a higher category and that 10% of patients showed complete recovery, in particular when less severe HF, fewer comorbidities, and shorter HF duration were detected \[[@CR45]\]*.*

Early identification of cardiac damage is of paramount importance in this context, in order to avoid progression to cardiomyocyte death. At the same time, appropriate long-term follow-up allows to identify cancer survivors who are at highest risk of HF development and interrupt disease progression \[[@CR46]\]. Many efforts have been done to identify efficient instruments to predict, diagnose, and follow cases of with cardiotoxicity; troponins (Tns) and with brain natriuretic peptide (BNP) are the two most established biomarkers in cardio-oncology. Tns (I-T) serial changes are associated with variations of EF after chemotherapy administration: Sawaya et al. found that elevated high-sensitive troponin I (TnI) levels, together with echocardiographic markers of myocardial deformation, predicted the occurrence of cardiotoxicity among breast cancer patients receiving anthracycline and trastuzumab \[[@CR47]\]. Moreover, Ky et al. demonstrated that an early rise in high-sensitivity TnI from baseline to 3 months was associated with an increased cardiotoxicity risk among similar patients \[[@CR48]\]. In a subgroup analysis of the HERA study, the presence of raised high-sensitive troponin before trastuzumab therapy was associated with more than twofold increased risk of subsequent LVEF deterioration \[[@CR49]\]*.* The use of natriuretic peptides to detect HF is widely acknowledged, and even very low levels can identify high-risk patients and guide therapy, even if their role in routine surveillance is not established \[[@CR23]••\]*.* Novel biomarkers are assuming an emerging role in detecting acute myocardial damage by anti-blastic drugs; in particular, soluble ST2 (sST2), miR-126-3p, miR-199a-3p, miR-423-5p, and miR-34a-5p may represent as innovative biomarkers for potential early and sensitive detection of the cardiomyopathy associated with anthracycline-based breast cancer chemotherapy \[[@CR47]\]*.* It must be defined whether emerging biomarkers in acute or chronic HF may have a position in cardiotoxicity \[[@CR50]\]*.*

The effects on cardiomyocytes mediated by these drugs are at the same time conditioned by sex hormones and sex-related gene expression. These differences result from the presence of women specific forms of primary disease and sex-specific biological response. The most common forms of CRCD are secondary to breast cancer treatment, which is strongly sex-oriented, followed by hematological malignancies \[[@CR22], [@CR51]\]. Women with CRCD that progressed to DCM are older, have smaller end-diastolic volume index, have higher left ventricular EF, have a lower burden of scar at CMR, have a worse NYHA class but a better long-term prognosis, and have higher rate of previous chemotherapy exposure compared with women with the diagnosis of primary DCM \[[@CR52]--[@CR54]\]. Below, we will focus on main sex-specific characteristics of CRCD with a brief review of biological mechanisms possibly involved according to the specific chemotherapy regimen used. Principal studies evaluating sex differences in anti-blastic drugs' cardiac effects are exposed in Table [2](#Tab2){ref-type="table"}.Table 2Principal studies which evaluated sex-related chemotherapy-induced cardiotoxicityStudyPatients (F/M)Time after therapy (year)Sex-related differencesAnthracycline  Increased female riskSilber et al. 1993 \[[@CR55]\]65/854.7Female were at higher risk of cardiac dysfunction than males; the odds ratio for having an abnormal angiographic and electrocardiographic test result was higher for females than for males.Lipshultz et al. 1995 \[[@CR56]\]40/472Female sex and a higher cumulative dose of DOX were associated with depressed contractility, and there was an interaction between these two variables.  Increased male riskMyrehaug et al. 2010 \[[@CR57]\]480/61610Male sex was a significant risk factor for cardiac hospitalization among Hodgkin lymphoma patients.Meiners et al. 2018 \[[@CR58]\]61515For females and males treated with DOX plus mediastinal radiation therapy, the estimated 15-year incidence rate of cardiac hospitalization was higher in male.Tyrosine kinase receptor inhibitors  Increased female riskVan der Veldt et al. 2008 \[[@CR59]\]27/551Female sex was significantly related with severe toxicity after sunitinib treatment (*p* = 0.006).Bowles et al. 2012 \[[@CR60]\]12,500ndAnthracycline and trastuzumab were associated with increased HF and cardiomyopathy risk compared with no chemotherapy in an exclusively female study population.Immune checkpoint inhibitors  Increased male benefitConforti et al. 2018 \[[@CR61]\]3705/7646n/dMen benefit more from ICI treatment than women.Chitturi et al. 2019 \[[@CR62]\]102/1400.5No differences according to sex in terms of incidence of complication and MACE occurrence.*DOX* doxorubicin, *HF* heart failure, *MACE* major adverse cardiovascular events

### Anthracycline-Induced Cardiotoxicity: Available Evidences and Controversies {#Sec6}

One of the most common classes of chemotherapeutic agents, the anthracyclines, is employed in the treatment of a wide variety of solid organ tumors and hematologic malignancies, including leukemia, lymphoma, breast cancer, lung cancer, multiple myeloma, and sarcoma \[[@CR24]\]. Anthracyclines inhibit DNA/RNA synthesis by intercalating between base pairs of the DNA/RNA strand \[[@CR24]\]. It is well known that anthracyclines are responsible for a Type I cardiotoxicity, characterized by cardiomyocyte death, either through necrosis or apoptosis, resulting in an irreversible damage \[[@CR24]\].

The impact of sex in determination and progression of related cell death is poorly understood. In a large cohort of patients treated with anthracyclines for different types of malignancies, major adverse cardiac events (symptomatic heart failure or cardiac death) were more frequent in men than in women \[[@CR63]\]. However, in a study with 150 patients treated with the same drugs (65 girls and 85 boys), Silber et al. reported that women were at higher risk of cardiac dysfunction than men, with the odds ratio for having an abnormal gated nuclear angiography and electrocardiogram result being 3.2 for females versus males \[[@CR55]\].

Significant sex-related differences were observed in a study with a cohort of 120 patients treated with doxorubicin (DOX). In particular, an increase in LV size and decrease in LV mass were predominant in female subjects, concluding that the female sex was an independent risk factor for cardiac abnormalities after treatment with DOX in cancer \[[@CR56]••\]. In a study of Myrehaug et al., male sex was a significant risk factor for cardiac hospitalization among Hodgkin lymphoma patients \[[@CR57], [@CR58]\]. The lack of consistency in study designs and the different definitions of cardiotoxicity preclude reaching consensus regarding the role of sex as a risk factor in AIC, even though the scientific community agrees with considering female sex a risk factor for AIC, in the same manner as advanced age, prior mediastinal radiation therapy, hypertension, concomitant treatment with cyclophosphamide, trastuzumab or paclitaxel, and prior cardiac disease \[[@CR26]\].

### Targeted Therapies: Tyrosine Kinase Receptor Inhibitors {#Sec7}

Receptor tyrosine kinases (RTKs) are the high-affinity cell surface receptors for many polypeptide growth factors, cytokines, and hormones that have been shown not only to be key regulators of normal cellular processes but also to have a critical role in the development and progression of many types of cancer. Trastuzumab is a recombinant humanized monoclonal antibody that inhibits tyrosine kinase receptor expressed on cancer cells; the same enzyme is also expressed on cardiomyocytes and its inhibition seldom provokes DCM, in a mostly reversible and dose-independent fashion (Type II cardiotoxicity) \[[@CR64]\]. At the one hand, the most severe complication of trastuzumab therapy involves its potential to adversely affect cardiac function; however, the exact mechanism of this toxicity remains unclear \[[@CR64]\]. The risk of trastuzumab-related cardiac events increases when additional cardiovascular disease risk factors are noted, especially a history of coronary artery disease (CAD) or impaired left ventricular dysfunction \[[@CR65]\], and when trastuzumab belongs to a combined scheme with anthracyclines. Nevertheless, trastuzumab use is predominantly confined to breast cancer management, with little application in gastric neoplasms; for this reason, no data are available on sex differences in cardiovascular toxicity.

Tyrosine kinase inhibitors (TKIs) are a novel class of anticancer drugs for which the sexual dimorphism has also been described. The use of these drugs is limited by their cardiotoxicity \[[@CR51]\]. They are small molecules that occupy the ATP binding site of the tyrosine kinase receptor inhibiting the abnormal high kinase activity and uncontrolled cell growth \[[@CR64]\]. Sunitinib belongs to TKIs exhibiting cardiotoxicity. A recent study highlights sex difference in sunitinib-related cardiotoxicity; in this case, female appear more sensitive than males to the toxicity of sunitinib, showing more susceptibility to multi-organ system toxicity \[[@CR59]\]. After all, toxicities related to imatinib and sorafenib appear not to be sex-associated, as far as drug efficacy \[[@CR66]\].

### Targeted Therapies: Immune Checkpoint Inhibitors {#Sec8}

The mechanisms of the most commonly used immune checkpoint inhibitors (ICIs) are based on blocking either the cytotoxic T-lymphocytes-associated antigen-4 (CTLA-4) or programmed cell death protein 1 (PD-1) pathways. Cardiac immune-related adverse events appear both in mono- and combination therapy. The exact mechanism of cardiac immune-related adverse effects remains poorly understood; however, it is likely related to the direct inhibition of PD-1 and CTLA-4. Increased expression of PD-1 has been reported on cardiomyocytes from rat hearts that underwent ischemia reperfusion. A recent study suggests that male patients obtain more benefits from ICIs vs control compared with female patients \[[@CR66]\]. Conforti et al. suggest that ICIs can improve overall survival for patients with advanced cancers such as melanoma and non-small-cell lung cancer and magnitude of benefit is sex-dependent. This meta-analysis highlights a significant difference in the efficacy of ICIs between men and women, when compared with controls for each sex. The pooled reduction of risk of death was double the size for male patients than for female patients \[[@CR61]\]. A recent work by Chitturi et al., investigating cardiac adverse events in patients treated with ICIs for lung tumors, showed no dissimilarities, according to sex in terms of incidence of complications and major adverse cardiac events (MACE) occurrence. Given the recent approval of this class of drugs, only limited data are available about cardiac toxicity as well as about sex differences.

Sex-Related Differences in the Management of DCM {#Sec9}
------------------------------------------------

In the era of precision medicine, the sex and gender differences are still neglected in clinical research. Notably, a recent systematic review of all randomized control trials pointed out that women are still less enrolled in clinical trials and the involvement of gender is even less studied in comparison with sex \[[@CR67]\]*.*

Because women are underrepresented in clinical trials, current guidelines do not recommend different sex-related therapies for HF, but not all therapies may be adequate due to differences in response to drugs. Differences in response to drugs might be due to different bioavailability, sex-specific amount and distribution of body fat, different metabolisms, and renal clearance \[[@CR68]\]. Principal sex differences highlighted by clinical trials investigating the effects of DCM drugs are exposed in Table [3](#Tab3){ref-type="table"}.Table 3Differences in female sex enrollment in main clinical trials evaluating the pharmacological therapies for chronic heart failure (CHF)StudyDrugMean LVEF (%)Number of womenTotal pts. enrolledWomen (%)BBs  MERIT-HF \[[@CR69]\]Metoprolol CR/XL28458199023  COPERNICUS \[[@CR70]\]Carvedilol20412228918  CIBIS-II \[[@CR71]\]Bisoprolol28514253920  SENIORS \[[@CR72]\]Nebivolol33785212837ACEi/ARBs  CHARM \[[@CR73]\]Candesartan31925385524  Val-HEFT \[[@CR74]\]Valsartan271002501020  CONSENSUS \[[@CR75]\]EnalaprilUnknown5925323  SOLVD \[[@CR76]\]Enalapril25514256920MRAs  RALES \[[@CR77]\]Spironolactone25446166327  EPHESUS \[[@CR78]\]Eplerenone26610273722I~f~-channel blocker  J-SHIFT \[[@CR79]\]Ivabradine291561650524Digoxin  DIG \[[@CR80]\]Digoxin281496680022ARNi  PARADIGM-HF \[[@CR16]\]Sacubitril-valsartan\< 351832839922  PIONEER-HF \[[@CR81]\]Sacubitril-valsartan2424688128*ACEi* angiotensin-converting enzyme inhibitors, *ARB* angiotensin receptor blockers, *ARNi* angiotensin receptor-neprilysin inhibitors, *BB* beta-blockers, *CHARM* Candesartan in Heart failure: Assessment of Reduction in Mortality and Morbidity, *CIBIS-II* Cardiac Insufficiency Bisoprolol Study II, *CONSENSUS* Co-operative North Scandinavian Enalapril Survival Study, *COPERNICUS* Carvedilol Prospective Randomized Cumulative Survival, *DIG* Digitalis Investigation Group, *EPHESUS* Eplerenone Post-Acute Myocardial Infarction Heart Failure Efficacy and Survival Study, *J-SHIFT* Japanese Patients With Chronic Heart Failure, *MERIT-HF* Metoprolol CR/XL Randomized Intervention Trial in-Congestive Heart Failure, *MRA* mineralocorticoid-receptor antagonists, *PARADIGM-HF* Prospective Comparison of ARNI With ACEI to Determine Impact on Global Mortality and Morbidity in Heart Failure trial, *PIONEER-HF* Comparison of Sacubitril/Valsartan Versus Enalapril on Effect on NT-pro BNP in Patients Stabilized From an Acute Heart Failure Episode, *RALES* Randomized Aldactone Evaluation Study, *SENIORS* randomized trial to determine the effect of nebivolol on mortality and cardiovascular hospital admission in elderly patients with heart failure, *SOLVD* Studies of Left Ventricular Dysfunction, *Val-HeFT* Valsartan Heart Failure Trial

Inhibitors of the renin angiotensin aldosterone system (RAAS) have been shown to improve the outcome of HFrEF in a large number of controlled randomized trials. Angiotensin-converting enzyme (ACE) inhibitors are a cornerstone of HF management and have been found to reduce morbidity and mortality in HFrEF patients \[[@CR68]\]*.* This drug category finds indication in all symptomatic patients with EF \< 35% \[[@CR68]\]. Early landmark trials with ACE inhibitors suggested that reductions in mortality and HF hospitalizations were observed in men but not in women with HFrEF. However, the Studies of Left Ventricular Dysfunction (SOLVD), which enrolled a small percentage of women, showed a reduction in combined mortality or HF hospitalization from 39.5% in the placebo arm to 29.7% in the ACE inhibitor enalapril arm in men compared with non-significant reduction from 38.7 to 37% in women \[[@CR76]\].

If ACE inhibitors are contraindicated or not tolerated, angiotensin II receptor blockers (ARBs) should be used, with similar efficacy \[[@CR68]\]. Trials testing ARBs in HF have achieved similar benefit on survival and HF hospitalization in men and women with HFrEF. In the CHARM (Candesartan in Heart failure Assessment of Reduction in Mortality and morbidity) trial, the benefit of candesartan regarding reduction of all-cause mortality and HF hospitalization in patients with systolic HF was similar in women and men \[[@CR73]\].

Beta-blockers are complementary to ACE inhibitors in the treatment of symptomatic HFrEF, giving an additional advantage in terms of morbidity and mortality, even though not recommended in decompensated and acute states \[[@CR68]\]. Pooled mortality data by sex from the MERIT-HF (Metoprolol Cr/Xl Randomized Intervention Trial in Congestive Heart Failure) \[[@CR69]\], CIBIS (Cardiac Insufficiency Bisoprolol Study)-II \[[@CR71]\], and COPERNICUS (Effect of Carvedilol on Survival in Severe Chronic Heart Failure) \[[@CR70]\] trials showed similar and significant survival benefits in women and men.

Mineralocorticoid/aldosterone receptor antagonists (MRAs) block receptors that bind aldosterone and, with different degrees of affinity, other steroid hormone (e.g., corticosteroids, androgens) receptors \[[@CR68]\]. Spironolactone or eplerenone is recommended in all symptomatic patients (despite treatment with an ACEI and a beta-blocker) with HFrEF and LVEF ≤ 35%, to reduce mortality and HF hospitalization. In the Randomized ALdactone Evaluation Study (RALES) trial \[[@CR77]\] and in the Eplerenone Post-myocardial infarction Heart failure Efficacy and Survival Study (EPHESUS) trial \[[@CR78]\], no sex differences in prognosis were noted, although women represented only the 27% and 28% of patients, respectively.

A recently introduced compound, sacubitril-valsartan (SV) (LCZ696), combines the moieties of an ARB and a neprilysin inhibitor (sacubitril) and has recently been shown to be superior to an ACE inhibitor (enalapril) in reducing the risk of death and of hospitalization for HF, both in the acute and chronic setting \[[@CR68], [@CR82]\]. A recent retrospective study by Vincent et al. investigated sex-specific differences in efficacy, tolerability, and safety of SV in real-world heart failure with reduced HFrEF patients \[[@CR83]\]*.* SV in women has a similar tolerability as in men and females seem to have a more frequent functional class improvement than males \[[@CR83]\]*.* Although no sex-related meaningful differences have been reported in SV pharmacokinetics and pharmacodynamics \[[@CR82], [@CR84]\], a more sex-balanced recruitment would be desirable. At the same time, dedicated clinical trials in patients with CRCD and HFrEF are lacking and these cases follow recommendations expressed by current guidelines.

Digoxin primarily inhibits the sodium potassium adenosine triphosphatase channel in particular at myocardium level, with well-known inotropic and anti-arrhythmic effects \[[@CR85]\]. Digoxin is no longer the first choice for the treatment of HFrEF, even though it may be considered in symptomatic HF patients with sinus rhythm despite treatment with an ACE inhibitor (or ARB), a beta-blocker, and an MRA, to reduce the risk of hospitalization, or in patients with high-rate atrial fibrillation \[[@CR68]\]. Yet, a post hoc sub-analysis of the Digitalis trial showed that digoxin therapy was associated with an increased risk of death from any cause among women, but not among men, with HF and depressed left ventricular systolic function \[[@CR86]•\]. Furthermore, findings from a prospective multinational database from Europe, and validating results in a multinational population from Asia, suggest that no additional benefit may be gained as the dose of guideline-directed HFrEF medications is up-titrated in women and importantly draw attention to the potential need for different sex-based dose targets in HFrEF \[[@CR87]\].

Conclusion: Perspectives in Personalized Gender Medicine---the Expert Point of View {#Sec10}
===================================================================================

DCM show many sex-related differences in prevalence, etiology, phenotype expression, response to therapy, and outcomes. In particular, in CRCD, the underlying pathophysiological mechanisms, although extensively investigated, are poorly understood also because of the continuous evolution in drug development. Moreover, cancer population has never been included in pivotal clinical studies and so, the adequate evaluation of sex differences in drug response is missing. A better understanding of these mechanisms could lead to the definition of a patient-tailored management strategy.

Cardio-oncology is a medical subspecialty dedicated to providing comprehensive CV care to cancer patients from cancer diagnosis to survivorship. The primary focus is to support cancer patients through CV risk stratification and CV monitoring during and after cancer treatments, as well as treatment of pre-existing and newly diagnosed CV disease. The key element for high-risk patients is preventive measures depending on the associated risk factors in order to preserve CV health. In those with heart disease, a multidisciplinary approach to cancer therapy choice would be most appropriate to minimize cardiotoxicity. Prevention and management strategies of cardiotoxicity will be important to allow for optimal cancer therapy while protecting CV health, and thus to improve both for cardiological and oncological outcomes.
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